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Received 11 August 2013; accepted 17 September 2013AbstractThe corrosion behaviors of Mge7Gde5Ye1Nde0.5Zr alloys after T5 treatment under (NH4)2SO4, NaCl and Ca(NO3)2 salt spray condition
were investigated by weight loss rates, residual mechanical properties, scanning electron microscope (SEM), X-ray Diffraction (XRD) and
potentiodynamic polarization tests. The corrosion degree of Mge7Gde5Ye1Nde0.5Zr alloys in Ca(NO3)2 salt spray was very shallow by
corrosion morphology and the corrosion route was extended along the surface in texture-like shape, while the alloy in NaCl and (NH4)2SO4 salt
spray were major local corrosion and there were serious corrosion pits on the surface. The weight loss rates in (NH4)2SO4, NaCl and Ca(NO3)2
salt spray was respectively 0.4147, 0.1618 and 0.0725 mg/(cm2 d1). The results of residual mechanical properties indicated that the corrosion
order in salts spray of Mge7Gde5Ye1Nde0.5Zr alloys is NH4SO4 > NaCl > Ca(NO3)2, which was consistent with the results of poten-
tiodynamic polarization tests. The type of the salts will play a vital role in the initiation of the corrosion of EW75 alloy when they are used in the
atmosphere environments. Inorganic salts with the smaller PH value after dissolution will have a stronger impact on the corrosion of EW75
magnesium alloys.
Copyright 2013, National Engineering Research Center for Magnesium Alloys of China, Chongqing University. Production and hosting by
Elsevier B.V.
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MgeRE alloys are attractive for aerospace and automotive
industries, because rare earths used as addition elements
improve properties of materials, especially high specific
strength and good creep resistance [1]. However, the use of
magnesium alloys in applications is mainly limited by their
poor corrosion properties [2e4]. In fact, Magnesium alloys* Corresponding author. Tel./fax: þ86 10 82241168.
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ronments, but literature on atmospheric corrosion is scarce.
Most researches focus on the electrochemical approach and
influence of the microstructure in solution [5e7]. The
corrosion behavior in the atmosphere differs considerably
from exposure in solution. The main cathodic process in
solution is water reduction, while oxygen reduction is the
main cathodic reaction during atmospheric corrosion with
thin electrolyte layers, and the anodic process under thin
electrolyte layers is diminished compared with a bulk elec-
trolyte [8].
In the atmosphere, the corrosion rates are strongly influ-
enced by inorganic salt particles deposited on the metal sur-
face [9]. With the environmental pollution pricking up, levels
of inorganic salt particles raised in the atmosphere, such as
Ca(NO3)2, NaCl and (NH4)2SO4. It is indicated that the
corrosion of magnesium alloys will be accelerated when the
relative humidity increased in the atmosphere [10e12].ngqing University. Production and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
231Q. Jiang et al. / Journal of Magnesium and Alloys 1 (2013) 230e234In this paper, we researched the corrosion behaviors of
Mge7Gde5Ye1Nde0.5Zr alloys under (NH4)2SO4, NaCl
and Ca (NO3)2 salt spray condition, including corrosion rates,
surface morphology, corrosion products and residual me-
chanical properties. Furthermore, we compared the corrosion
behaviors with potentiodynamic polarization curves. We aim
to demonstrate the influence of different inorganic salt parti-
cles in the atmosphere on the corrosion behaviors for MgeRE
alloys. It is anticipated that our research would provide a
guiding insight into the corrosion and protection of MgeRE
alloys in atmospheric environments.
2. Experimental procedure2.1. MaterialsYttrium, neodymium, gadolinium, and Mge30Zr master
alloys as the raw materials were used to prepare
Mge7Gde5Ye1Nde0.5Zr alloys. The actual compositions
of Mge7Gde5Ye1Nde0.5Zr alloys were determined by
inductively coupled plasma-atomic emission spectrometry
(ICP-AES); the results of alloy are as follows: Gd, 7.04; Y,
4.53; Nd, 1.29; Zr, 0.49; balance Mg (EW75).
The materials used for extrusion process were cut from as-
cast EW75 alloy ingots. The diameters of extrusion billet and
extrusion specimen were 90 cm and 50 cm, respectively, with
a plunger speed of 0.5 mm/s at 573 K. The experiments pre-
sented that extruded specimens without any micro-cracks
could be fabricated at the optimal temperature (573 K) and
the above pressing parameters. T5 process was treated in an
aging furnace at 225 C for 6.5 h.
The specimens for weight loss tests and electrochemical
measurements were 10  10  10 mm3 in sizes, while the
mechanical properties tests used standard of ISO 6892-1:2009.2.2. Salt spray testsThe corrosion rates were measured by three replicate
specimens, for each microstructure condition. Salt spray tests
for 5 days at 20  2 C in 104 mol/L Ca(NO3)2, NaCl,
(NH4)2SO4 solutions, prepared with AR grade salt and
distilled water. The salt spray deposition was 2 mL/Fig. 1. OM (a) and TEM (b) image(80 cm2 h). Specimens were immersed in boiling chromic
acid (10% CrO3 þ 1% AgNO3) for 5 min to remove the
corrosion products, then dried and reweighed to obtain the
mass loss [13].2.3. Electrochemical measurementsA Princeton VersaSTAT MC connected to a three-electrode
cell was used for the electrochemical measurements. The
working electrode was the test material, the counter electrode
was Pt and the reference electrode was saturated calomel
electrode. The samples were molded into epoxy resin with
only one side exposed as working surface available. The
corrosive medium was 104 mol/L Ca(NO3)2, NaCl,
(NH4)2SO4 solution in contact with air at about 20
C [14].
Potentiodynamic polarization tests were carried out at a scan
rate of 1 mV/s, from 2.0 V to 1.5 V with respect to the
open circuit potential.2.4. Analysis and characterization methodsThe microstructure was recorded using optical microscopy
(OM). Scanning electron microscopy (SEM) was used to study
the appearance of the corrosion products and the corroded
surfaces after removal of the corrosion products. The me-
chanical properties were examined by using AG-250KMIS
tensile machine at a primary strain rate of 2 mm/min.
3. Results and discussion3.1. Microstructure of the specimensFig. 1 shows the microstructure of EW75 magnesium al-
loys, including the optical micrograph in Fig. 1(a) and the
TEM micrograph in Fig. 1(b). The microstructure of EW75
magnesium alloys consisted of the matrix Mg, the precipitated
b0 and b phases. As shown in Fig. 1(a), the fine microstructure
was visible; the average grain size was roughly 20 mm. The
TEM showed the b0 and b phases were presented as nets and
distributed uniformity, which was respectively simultaneously
demonstrated to be Mg7RE and Mg5 (Gd0.4Y0.4Nd0.2) by our
team works [15].s of EW75 magnesium alloys.
Fig. 2. Weight loss rates (a) and residual mechanical properties (b) of EW75 magnesium alloys in different salts spray after 5 days.
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lows: C ¼ (W0  W1)/S, where C is the weight loss of metal
due to corrosion (mg cm2 d1), W0 is the original weight
(mg), W1 is the final weight without corrosion products (mg),
and S is the surface area (cm2). There were three samples for
each type, so the corrosion rates C is the average value of three
samples.
Fig. 2(a) presents the corrosion rates for EW75 magnesium
alloys, measured in salt spray in 104 mol/L Ca(NO3)2, NaCl,
(NH4)2SO4 salts spray for 5 days in order to simulated in-
dustrial atmosphere environment. EW75 alloy in (NH4)2SO4
aqueous solution showed the highest corrosion rate, while
alloys in the Ca(NO3)2 solution showed the lowest corrosion
rate. This phenomenon may likely be due to the fact that there
are defects on the PH value [Ca (NO3)2 ¼ 8.3, NaCl ¼ 7.0,
(NH4)2SO4 ¼ 5.3, measured by PH value tester] which
accelerate the corrosion rates at the initial time. The mean
values of corrosion rates after 5 days of exposure for the
EW75 magnesium alloys were 0.0735, 0.1618 and 0.4147 mg/
(cm2 d1), respectively.Fig. 3. The corrosion morphology of specimens in different salts spray: (a) Ca (NO
Ca (NO3)2; (e) NaCl; (f) (NH4)2SO4.From the mechanical properties photographs of EW75
magnesium alloys, which measured in different salts spray
after 5 days in Fig. 2(b), the mechanical properties descent rate
of in the Ca(NO3)2 aqueous solutions is far less than that in
(NH4)2SO4 aqueous solution. The weight loss corrosion rates
corresponded to the lowest mechanical properties.3.3. Surface appearancesFig. 3(a)e(c) shows the typical surface appearances of the
specimens in different salts spray after 5 days. Differences in
the surface appearances were distinctly obvious to the naked
eye. In the salt spray of Ca(NO3)2, the specimens became
slightly rougher and darker, and a few soil or dust particles
were deposited on the exposed surface. The specimens in the
salt spray of NaCl became dark gradually, while surface ap-
pearances in the salt spray of (NH4)2SO4 showed full black
due to the serious corrosion.
Fig. 3(d)e(f) is the SEM images of the specimen surfaces
morphology after removal of the corrosion products. The
corrosion products that formed on the surface of the specimens
were removed by pickling. The surface morphologies are3)2; (b) NaCl; (c) (NH4)2SO4 and SEM images without corrosion products: (d)
Fig. 4. XRD patterns of corrosion products formed on the EW75 magnesium
alloys in different salts spray after 5 days.
Table 1
Icorr and Ecorr for EW75 magnesium alloys in different salts solution, evaluated
from polarization curves.
Salts solution (104 mol/L) Icorr(mA cm
2) Ecorr/V
Ca(NO3)2 13.1011 1.7012
NaCl 32.2361 1.7531
(NH4)2SO4 87.7816 1.7857
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distributed uniformly, but the areas of the corrosion pits are
small. As shown in Fig. 3(e), the corrosion dents grew irreg-
ularly in areas, even some corrosion areas on the surface were
almost completely corroded. From the SEM image of Fig. 3(f),
only a small quantity of areas on the surface remained after 5
days salts spray of (NH4)2SO4. A number of corroded pits
jointed into together, a large areas of exfoliation corrosion
occurred.3.4. Corrosion product analysisThe corrosion products formed on the specimens were
characterized by XRD. PCPDFWIN software was employed to
identify the corrosion products. The XRD patterns of speci-
mens in different salts spray after 5 days are shown in Fig. 4. It
can be seen that Mg(OH)2 may be the main corrosion prod-
ucts. Compared with the results, no Mg(OH)2 peak was pre-
sent in the XRD patterns on the surface of specimen in
Ca(NO3)2 salt sprays, which probably means that the amountFig. 5. Polarization curves of EW75 magnesium alloy after immersion in
104 mol/L Ca (NO3)2, NaCl and (NH4)2SO4 solutions.of Mg(OH)2 was so little that they could not be distinguished
from the other peaks.3.5. Potentiodynamic polarization testsFig. 5 presents the potentiodynamic polarization curves
for EW75 magnesium alloys after immersion in 104 mol/L
Ca(NO3)2, NaCl and (NH4)2SO4 solutions, respectively.
Before measurement of each potentiodynamic polarization
curve, the open circuit potential was comparatively stable,
a corrosion product film had formed on the surface of
the specimens and no clear localized corrosion had occurred.
Table 1 presents values of corrosion current density (Icorr)
and corrosion potential (Ecorr) for EW75 magnesium alloys in
different salts solution, evaluated from polarization curves.
The cathodic Tafel slope was similar for all conditions, indi-
cating similar electrochemical reactions for hydrogen evolu-
tion [16,17]. The cathodic current density of EW75
magnesium alloys in Ca(NO3)2 solution was lower than others.
The anodic curve for specimens in NaCl and (NH4)2SO4 so-
lution had a region of slowly increasing current followed by a
rapid increase with increasing potential.
4. Conclusion
(1) The corrosion behaviors of EW75 magnesium alloys were
investigated and found that the type of the salts in the
atmosphere will play a vital role in the initiation of the
corrosion. The weight loss rates in (NH4)2SO4, NaCl and
Ca(NO3)2 salt spray was respectively 0.4147, 0.1618
and 0.0725 mg/(cm2 d1). The results of residual me-
chanical properties indicated that the corrosion order
in salt spray of EW75 magnesium alloys is
NH4SO4 > NaCl > Ca(NO3)2. XRD characterized that
Mg(OH)2 may be the main corrosion products.
(2) Electrochemical measurements also give accurate evalua-
tion of the corrosion rate in agreement with prior studies.
The results indicate that the changes in potential distri-
bution depended on the type of the salts in the solutions.
The conclusion is that inorganic salts with the smaller PH
value after dissolution will have a stronger impact on the
corrosion of EW75 magnesium alloys.
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